Morphine sulphate was used for the control of pain following major abdominal surgery for a period of three days either as patient-controlled or continuous infusion. The two groups of patients were comparable with regard to patient and operation details, duration of infusion, pain scores and complications. The only significant difference was a reduced dose requirement of morphine in the patient-controlled analgesia group (P < 0.005). Some possible explanations for thisfinding are given. It is suggested that a properly supervised continuous infusion of morphine is as good as patient-controlled administration. There was a negative correlation between the age o/the patient and the dose of morphine used.
Patient-controlled analgesia (peA) has been in widespread use for about a decade. [1] [2] [3] Most of the trials have concerned a comparison of peA with intramuscular injection of opiates. 4 ,5 The present study used peA or continuous infusion of morphine for postoperative pain relief with the aim of critically comparing the two methods of administration.
METHODS
The study had hospital ethical committee permission. ASA 1 and 2 patients undergoing major abdominal surgery were selected and their informed consent was obtained. Patients were randomly allocated to two groups, group 1 receiving peA and group 2 having continuous infusion of morphine. The method of administration of analgesia was explained preoperatively to each group and the peA group were taught the use of the machine. Premedication consisted of diazepam 10 mg orally 1-1.5 hours before the anaesthetic. Prior to induction of anaesthesia, an intravenous bolus dose of morphine was given, calculated according to the patient's age, weight and height. The anaesthesia consisted of thiopentone, atracurium, nitrous oxide and oxygen as well as an inhalational agent wherever necessary. In the recovery room each patient was given further doses of morphine in 1.0 mg boluses until there was satisfactory control of pain following which the randomly selected method of pain relief was commenced. demand bolus doses of 0.5 mg and a lockout interval of 10 minutes. Group 2 patients received a dilute infusion of morphine (50 mg in 500 ml normal saline) at a rate of 1-4 mg per hour via a volume pump. In both groups the analgesic infusion was piggy-backed into the maintenance intravenous infusion, which was delivered continuously using a volume infusor. In both groups the patients were allowed to have additional 1.0 mg boluses of morphine in the ward whenever necessary. An analgesia chart was kept in all patients and pain was scored on a scale 1 to 5 corresponding to none, mild, moderate, severe and very severe pain. This was recorded by the nurse in the ward every hour for the first 48 hours and thereafter every two hours. When the patient was asleep the score was taken as 1 (no pain). At 4-6 hours the background infusion in group 1 was adjusted depending on the pain score and assessment of the nurse observer. Patients were visited by one of the investigators at 8 am and 6 pm each day and at the end ofthe study period. During these visits the background infusion in group 1 was readjusted or stopped depending upon the requirements for morphine, the aim being to keep the background infusion at half to twothirds of the average requirements in the previous twelve hours. The rate of infusion in group 2 was adjusted as necessary by the nurse. Nausea and vomiting, excessive sedation, urinary retention, confusion or evidence of chest infection were also documented. Mobilisation was encouraged in the early postoperative period and physiotherapy and breathing exercises were given from the first day. The analgesic infusions were discontinued when the patient required no further pain relief or after three days. Further analgesia, if required, was given as intramuscular morphine.
RESULTS
There were a total of sixty patients studied, thirty in each group. The majority were females (63), equally distributed in the two groups. Most patients had cholecystectomy (88%) through a midline incision (98%). Table  1 shows that there were no significant differences between groups in respect of patients' age, weight and height. The duration of surgery and the initial morphine requirement prior to commencing PCA and infusion did not differ, but there was a significant reduction in the total dose requirement of morphine in group 1 (PCA group) compared with group 2 (P < 0.005) over the three-day period. The difference in the mean four-hourly dose requirement between the two groups ( Figure 1 
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Mean and 95% confidence intervals in brackets. onwards and achieves P values of less than 0.005 after 48 hours. The average pain scores in the two groups ( Figure 2 ) were comparable being 2 or less in 94% of the patients in group 1 and 89% in group 2 (Frequency Distribution Analysis). This suggests that the analgesia was satisfactory throughout the study period.
PCA Group
There was no statistical difference between the pain scores in the two groups. Analysis of the combined data shows a negative relationship between the age of the patients and the total dose requirement of morphine used (r = -0.5077). Some of the complications during the study period are shown in Table 2 . There was one case of significant respiratory depression in group 1 in the immediate recovery period (respiratory rate of less than six per minute) which was treated with naloxone 0.2 mg intravenously. In another case in the same group mechanical failure of the pump (electrical failure) forced the peA administration to be terminated prematurely. Two patients (both above seventy years) had some difficulty in operating the demand button on the peA pump and needed some assistance from the nursing staff. One patient in group 2 (74 years) was confused and needed a reduction in the dose of morphine. Nausea and vomiting were the major problems; eleven patients (33%) in group 1 and five patients (17%) in group 2 required injection of an antiemetic (mainly metoclopramide). In spite of these problems the acceptance of the patients, as ascertained by questions pertaining to the degree of pain relief, was satisfactory in all.
DISCUSSION
Patient-controlled analgesia is in increasing use and a large number of publications have appeared in the literature,3,6-9 most of them in favour of the method. However most of the reports of peA compare the intramuscular use of opiates with intravenous administration of peA. It appears that the advantages of peA technique result from a better route of drug administration, hence the attempt here to compare peA with a constant intravenous infusion of morphine.
Bolus doses of morphine were given at the start of anaesthesia and again in the recovery room to help achieve a steady blood level of opiate during the period of infusions. This has been accepted as a sound practice on pharmacokinetic terms. 8 ,1O-12 Morphine is a suitable drug for intravenous infusion for postoperative pain on the grounds of having acceptable volumes of distribution and clearance. 13 It was almost always necessary to readjust the rate of infusions. This reflects the inadequacy of the estimated infusion rate requirements and caution has been expressed about such attempts to predict a dose regimen for opiate infusions. S Mobilisation and physiotherapy were instituted from the first postoperative day. This could explain the shape of the average pain score (Figure 2) showing a rise during daytime and a fall overnight, while patients were undisturbed and asleep.
Factors such as anxiety and fear also can increase the pain and may be more relevant during the daytime. There is a suggestion of diurnal variation in pain. 9 The method of analgesia was satisfactory in most patients as suggested by the low average pain scores in both groups and hence the high patient acceptance. The steady decrease in the pain scores during the second and third day is consistent with decreasing analgesic requirements (Figure 1) . The only major difference in the study was the reduced dose requirement in the patientcontrolled analgesia group compared to the constant infusion group. Age, weight, height and gender of the patients and the duration and type of surgery were comparable in both groups. This could be explained by the size of the bolus dose for PCA which was smaller in this study than in many others. An ideal bolus dose of 1.0 mg has been suggested,S compared with 0.5 mg in this study. The lockout duration was also longer than recommended. It is possible that the patients got tired of pressing the demand button repeatedly; but a constant background infusion made these problems less important as shown by the comparable pain scores in both groups. Anxiety and fear of the use of opiates in patients using the PCA could explain the reduced requirements. Different coping styles also can account for this variation 14 and personality factors have been well correlated with postoperative pain. IS Hence psychological factors might contribute to the reduced dose requirement in the PCA group and should be investigated further as has been suggested elsewhere. 9 Problems were common in both groups during the study, occurring with equal frequency. The high incidence of nausea and or vomiting (67%) is not unusual following abdominal surgery. The greater use of antiemetics in the PCA group might be due to increased alertness and mobility seen in this group of patients, causing higher incidence of nausea and vomiting. The incidence of reported pulmonary complications following surgery vary markedly, upper abdominal surgery being a major risk factor. 16 Clinically recognisable pulmonary complications occurred in 27% and their incidence appears somewhat high. But this is an overall figure and we have not excluded the other risk factors such as age, smoking habits etc. A number of patients complained of somnolence (47%). This may be regarded as a desired feature of opiates. However since oxygen saturation was not continuously measured in this study it was not possible to rule out significant hypoxia and unrecognised respiratory depression during the period of opiate administration. Opiate infusions are known to cause some respiratory depression. 17 The case of respiratory depression recorded in the recovery room was recognised before commencing the infusion. One patient in the constant infusion group was confused and this might have been related to the use of opiates in an elderly patient. In spite of the complications, the methods were acceptable to all, suggesting that the problems were not severe enough to upset the patients.
There were a few minor problems associated with the use of the PCA machine. Mechanical failure due to simple causes (mains disconnection) required termination of the method in one patient. Two elderly patients were not able to use the machine independently, perhaps due to inadequate coaching. Machine-related problems have been documented with the PCA technique. 9 ,ls,19 There was a negative correlation between the age of the patient and dose of morphine. This relationship has been suggested S and is a common clinical observation. The elderly have decreased morphine clearance and smaller volume of distribution. 20 However any attempts to predict the dose of morphine based upon age, weight and height were very unsuccessful in this study and needed frequent alteration.
The only real difference between PCA and constant infusion of morphine, when used for postoperative pain relief, was a lower total dose of morphine with the former. The advantages of PCA have been exaggerated because it provides a better method of administration of opiates (in most cases intravenously) compared with the traditional intramuscular adminstration. The common practice of intramuscular injection of opiates at infrequent intervals is inadequate 21 whereas continuous infusion of has been recommended as a good method. 12 
